Poly(L-lactide)/poly(lactide-co-glycolide) (PLLA/PLGA) composite using PLLA and PLGA as the starting materials was successfully prepared via melt-blending method. Fourier Transform Infrared (FTIR) spectroscopy was used to characterize the structure of PLLA and PLGA in composite. The mechanical properties of composites were carried out by the tensile test, and the micrographs of cross-section of composites were observed using SEM. The results indicate that a few interactions formed between PLLA and PLGA in composite after melt-blending, and both the tensile strength and tensile modulus of composites decreased and the toughness became better with increasing PLGA content. The PLLA/PLGA composite with adjustable mechanical properties by changing the PLGA content would be an ideal and promising biomaterial for tissue regeneration.
Introduction
Biodegradable synthetic aliphatic polyesters are attracting increasing attention because of their potential applications in biomedical industries and as environment-friendly materials. PLLA, one of the biodegradable synthetic aliphatic polyesters, is probably the most extensively investigated biodegradable semi crystalline thermoplastic polyester for applications in biomedical fields such as drug delivery systems [1] , implant materials for bone fixation [2] , and surgical sutures [3] , due to good biocompatibility and biodegradable properties, renewable monomer capability, and environmentally-friendly. However, the disadvantages of the hard and brittle mechanical properties of PLLA limit its further development and practical applications [4] . Recently several approaches have been developed to improve its mechanical properties, such as synthesis of PLLA with other polymers by copolymerization, plasticization, or blending. Among these approaches, polymer blending is regarded as an effective and economical method to improve the mechanical properties of polymer materials.
Many polymer blends such as PLLA/PDLA [5] , PLLA/poly(vinylphenol) [6] , PLLA/polyethylene [7] and PLLA/ABS [8] had been extensively studied in recent years. In these blends, the property of PLLA was improved by blending with other polymers. However, these blends were not fully biodegradable due to the non-biodegradable constituents. On the other hand, fully biodegradable polymer blends have been obtained by the blending method using chitosan [9] , poly(ε-caprolactone) [10] , and poly(ester urethane) [11] .
PLGA is a typical synthetic biodegradable polymer and has been applied to biomedical application, such as bone screws for cure of bone damage or defect, and sutures, and drugs delay release system, and scaffold materials for tissue engineering due to excellent biodegradability and bio absorbability [12] . Moreover, the toughness of PLGA is better than that of PLLA but the strength is lower than that of PLLA. Recently, composites composed of PLGA with other polymer such as PDLLA [14] and PCL [15] were applied to tissue regeneration.
Here, we report the preparation of PPLA/PLGA composite via meltblending. The mechanical properties of PLA/PLGA composite are adjusted by the content of PLGA, and the toughness of PLA/PLGA composite was improved by PLGA. In addition, the process is facile, fast and environmentally friendly.
Experimental

Materials
PLLA and PLGA were chemically synthesized from L-lactide monomer and glycolide by ring-opening polymerization, as reported in the literature [27].
Preparation of PLLA/PLGA composite
PLLA/PLGA composites were prepared by a melt-blending method. The typical experimental procedures can be depicted as follows:
First, PLLA and PLGA (the weight ratios of PLGA to PLLA are 0:100, 2:98, 5:95, 10:90, 15:85, 20:80, respectively) were sealed in a stainless steel chamber, and heated to 210 °C while being rotated at 100 rpm, and then kept at 210 °C for 10 min to fully melt. The resulting molten composites were cast on a clean glass sheet, then inclined to form thin-layer films and subsequently held for 6 h at 110 °C under vacuum environment to crystallize completely.
IR and SEM characterization
IR spectra of PLLA/PLGA composite (the weight ratio of PLGA to PLLA is 10:90), neat PLLA and PLGA were obtained on a Fourier transform infrared spectrometer (Thermo Nexus 470 FI-TR, USA). The fracture surfaces of PLLA and PLLA/PLGA (with different ratio) composites after mechanical tests were observed using scanning electron microscope (SEM) (JSM-6360LV, Japan). All specimens were sputter-coated with gold before SEM observation.
Mechanical testing
Multiple layers of the dried PLLA and PLLA/PLGA (with different ratio) films were put into a mould, with rectangular holes (37.5 mm × 6.3 mm × 3.5 mm), heated to 160-170 °C, naturally cooled to about 60 °C, and then compressed into strips under uniaxial pressure of 130 MPa by mould-compression forming for mechanical testing. Tensile testing was carried out on a tensile testing machine (Instron-1185, UK) at a rate of 10 mm/min at room temperature. The PLLA and PLLA/PLGA composite samples were tested under the same conditions.
Results and discussion
IR analysis
Infrared spectroscopy has been widely used to investigate the chemical structure of polymers. (-OH stretch). Compared to neat PLLA and PLGA, the PLLA/PLGA composite as prepared by melt-bending showed some changes in the intensity of peaks, but the position of the characteristic bands of both PLLA and PLGA showed little variation. It indicated that the structure of PLLA and PLGA in composite after melt-blending could keep constant. And the bands at ~3450 cm -1 became significantly weaker, illustrating a little -OH group and residual H2O in composite. On the other hand, it revealed that there were a few interactions between the two components in the blend, which are be attributed to the hydrogen bands possibly formed between PLLA and PLGA. Figure 1 . IR spectra of PLLA, PLGA and PLLA/PLGA composite(90:10).
Effect of PLGA content on mechanical properties of composite
It can be found that both tensile strength and tensile modulus of PLLA/PLGA composites decreased as the increase of PLGA content, as shown in Figure 2 . ; and correspondingly, the tensile modulus declined from 3.24 to 1.08 GPa with the PLGA content ranging from 0 to 20 wt%. These results showed that there was a little change for both tensile strength and tensile modulus of composite when the PLGA content was 2 wt%, and then the tensile strength decreased gradually as increasing the PLGA content, but the tensile modulus of composite decreased sharply, especially when the PLGA content was over 5 wt%. It was attributed to the fact that there is better toughness and lower mechanical strength for PLGA than for PLLA. Therefore, PLGA can be used to adjust the toughness and mechanical strength of PLLA composite by changing the PLGA content. Figure 3 illustrates SEM micrographs of PLLA/PLGA composites with PLGA contents ranging from 0 to 20 wt%. It can be observed in Figure 3 , a few cavities and smooth cross-section were observed on the fracture surface of PLLA without PLGA (Figure 3a) , and the cross-section of composite became rougher and more cavities could be observed when incorporating PLGA of 2 wt% or 5 wt% into PLLA (Figure 3b and 3c) . The cross-section of composite became extraordinary rough when the PLGA content is over 10 wt% (Figure 3d-3f ) and the more and larger cavities can be
SEM analysis
clearly seen when the PLGA content is over 15 wt% (Figure 3e and 3f) . These results indicated that the toughness became better and better and the crosssection of composites changed from obvious brittle to ductile fracture with PLGA contents increasing from 0 to 20 wt%. The SEM observation results are in accordance with the mechanical testing results.
Conclusions
Fully biodegradable PLLA/PLGA composite with better toughness than neat PLLA were fabricated by melt-blending method. The IR results revealed a few interactions formed between PLLA and PLGA, and the position of the characteristic bands of both PLLA and PLGA in composite showed little variation. The tensile strength decreased gradually as increasing the PLGA content, but the tensile modulus of composite decreased sharply, especially when the PLGA content was over 5 wt%. The toughness became better and better and the cross-section of composites changed from obvious brittle to ductile fracture with PLGA contents increasing from 0 to 20 wt%. The mechanical properties of PLA/PLGA composite can be adjusted by the content of PLGA so as to meet the requirement of biomaterials for tissue regeneration.
